Abstract We obtain an exact solution for the Einstein's equations with cosmological constant coupled to a scalar, static particle in static, "spherically" symmetric background in (2 + 1)-dimensions.
Introduction
In Ref.
[1], Choptuik studied numerically a massless scalar field φ minimally coupled to the gravitational metric in (3 + 1)-dimensions and found a scaling relation M = C( p − p * ) γ for the black hole mass M in the limit p close to critical value p * where γ is approximately equal to 0.374 for all 1-parameter families of scalar data. A similar behavior was also obtained for the cylindrically symmetric case in (3 + 1)-dimensions studied by Abrahams and Evans [2] .
In Ref. [3] [4] [5] [6] , similar systems in (2 + 1)-dimensions were studied numerically and analytically. In Ref. [7] , Birkandan and Hortacsu studied the BTZ system along the lines of Pretorius and Choptuik [3] work. They dropped the time dependency and first studied the static case with no scalar field and then, added the scalar field perturbatively.
In this note we study the Einstein-Klein-Gordon system in AdS spacetime for the static spherically symmetric background. The original equations studied perturbatively in [7] are reduced to a second order system and then, the exact solution are obtained in a new coordinate frame. Explicit solutions in terms of the first coordinate frame involve hypergeometric functions they were omitted.
We used the further coordinate transformations to obtain the exact solution in the form generalizing the AdS metric as given by Matschull [10].
Einstein's field equations
Let M be a 3-dimensional Lorentzian manifold with local coordinates (t, r, θ) and g µν be a metric on M. We start with the corresponding line element
We shall use the notation X = d X dr and Y = dY dr . We give below the non-zero components of the Christoffel symbols of the second kind
of the curvature tensor
of the Ricci tensor
and the Ricci scalar R R = 2e
The Einstein's equations with cosmological constant coupled to a scalar, static particle are [8]
where
and φ satisfies the wave equation
with det |g µν | = g [9] . From Eq. (7), we obtain
The wave equation for the scalar field is reduced to
which can be integrated as
where λ is an integration constant.
